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Spatio-temporal compartmentalization allows Ca2+ sig-
nals to simultaneously regulate multiple vital cell pro-
cesses and relies in part on Ca2+ buffers that absorb at
least 98% of Ca2+ ions entering the cytoplasm. Compu-
tational modeling has played a central role in the under-
standing of localized Ca2+ signals in neurons and other
cell types. Although many models consider only simple,
one-to-one Ca2+ buffering stoichiometry, practically all
buffers have multiple Ca2+ binding sites which often dis-
play cooperative binding (e.g., calretinin [1-3], calmodu-
lin [4,5] ). Given the simplest case of two binding sites,
cooperativity manifests itself in an order of magnitude
difference in the binding and/or unbinding rates of the
two consecutive Ca2+ binding steps in the following buf-
fer reaction:
Here we extend recent modeling studies of coopera-
tive buffering [1-5], and find that it can lead to spatio-
temporal Ca2+ signals that cannot be achieved by any
combination of non-cooperative buffers, in particular
during a sequence of action potentials or synaptic
inputs. Namely, Figure 1B shows that cooperative Ca2+
buffering can potentially serve as a mechanism of short-
term synaptic depression, in contrast to the case of non-
cooperative buffers (Figure 1A), which are believed to
underlie short-term synaptic facilitation in certain types
of mammalian synapses [6,7].
We explore this phenomenon in detail, demonstrating
the dependence of such buffer-induced short-term synap-
tic plasticity on all relevant buffering parameters. These
results may lead to better understanding of post-synaptic
Ca2+ dynamics as well, yielding a deeper insight into
synaptic transmission and its dynamic regulation, and may
also have relevance for Ca2+-dependent processes in other
cells such as endocrine cells, myocytes and immune
system cells.
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Figure 1 [Ca2+] elevation during a 40 Hz train of 1ms-long Ca2+ pulses at 100nm from the Ca2+ source. A: In the presence of a non-
cooperative buffer, Ca2+ transients facilitate due to gradual depletion (saturation) of free buffer [6,7]. B: In the presence of a cooperative buffer,
Ca2+ transients depress as a result of increasing exposure of the high-affinity Ca2+ binding site. Both simulations done in 1D geometry (0.5 μm
axonal segment), computed using CalC version 7.2 (http://www.calciumcalculator.org)
Matveev BMC Neuroscience 2013, 14(Suppl 1):P269
http://www.biomedcentral.com/1471-2202/14/S1/P269
© 2013 Matveev; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
Acknowledgements
This work was supported in part by NSF grant DMS-0817703.
Published: 8 July 2013
References
1. Saftenku EE: Effects of Calretinin on Ca2+ Signals in Cerebellar Granule
Cells: Implications of Cooperative Ca2+ Binding. Cerebellum 2011,
11(1):102-120.
2. Schwaller B: The continuing disappearance of “pure” Ca2+ buffers. Cell
Mol Life Sci 2009, 66(2):275-300.
3. Faas GC, Schwaller B, Vergara JL, Mody I: Resolving the fast kinetics of
cooperative binding: Ca2+ buffering by calretinin. PLoS Biol 2007, 5(11):
e311.
4. Faas GC, Raghavachari S, Lisman JE, Mody I: Calmodulin as a direct
detector of Ca2+ signals. Nat Neurosci 2011, 14(3):301-304.
5. Kubota Y, Waxham MN: Lobe specific Ca2+-calmodulin nano-domain in
neuronal spines: a single molecule level analysis. PLoS Comput Biol 2010,
6(11):e1000987.
6. Burnashev N, Rozov A: Presynaptic Ca2+ dynamics, Ca2+ buffers and
synaptic efficacy. Cell Calcium 2005, 37(5):489-495.
7. Matveev V, Zucker RS, Sherman A: Facilitation through buffer saturation:
constraints on endogenous buffering properties. Biophys J 1993,
86:2691-2701.
doi:10.1186/1471-2202-14-S1-P269
Cite this article as: Matveev: Ca2+ buffering as a mechanism of short-
term synaptic plasticity. BMC Neuroscience 2013 14(Suppl 1):P269.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Matveev BMC Neuroscience 2013, 14(Suppl 1):P269
http://www.biomedcentral.com/1471-2202/14/S1/P269
Page 2 of 2
